
Water frsm fog-covered mountains
by Robert S. Schemenauer and Pilar Cereceda
Supplying fresh water to rural locations is always
a challenge, but this innovative idea is the kind
we'll need to see more of if water supply goals
are to be reached.

HII)DI:N IN THE N'lOS f aricl clescns
ol the world is an untrppcd wrter
rc our,c thrt his ll e p, t(rrtt.rl tL,

change village life.'l hc sar e cornbinl-
ti,,Jr ul ntelr,'r,'1,'E). ,r r l, ,lr'r.,r1..
and lopoeraphy that gcocrates rhe
deserts elso produces fog-covcreci
coaslal nrountains. 'Ihe lijg watcr clln
be collected in Iarge quanlilies li)r
clonrestic and a.sricultural u\e.

'Ihe villagc of Chungungo on thc
northern coast of Chile is bcsidc tltc
now unuscd mining por't ol Cruz
{i .rnJ.. I p untrl 70 \(i r. :r-'.,. t hr."
gurrgo rc.rircrl $Jlcr lr,'rn lh< Ll 1,".,
minc, which was on a ridgc 6krD
inl.,n l I rom th:rt rirrrc . rrriJ r,.ct,')
witler has bccn truckcd io tltc 3.1{)

villlgcls lirm a lrell ,10Lnr arvar'. l hc

sole source of incolrc jn Chungunco
is fishing, plimalrly lbr shcllfish, in lhc
cold coastai walers. A 1988 suNey of
all (lre houscholds in the village lbund
lhrt the waler uslgc was only 1.1 litles/
pcrsoo/clay and that. et a cost ol
US$2/mr, this r.presenled l0 per ccnt
,'l lherr I"l:,, lrrnrll rn.onr, . I vc,r tlri.
cort is heavily subsidized by thc
Irlunicipality. lhe lrue cost bci g US$8/
nrl. The purchase of wrtcr at this iatler
rrte $,ould be an inrpossible burdcn lbr
thc villagers. As it rs. Lhe cost is onc
Lrt tlle 1l.,in l.'irur'. lrrrrit n.' ,,'r 'trmf-
tion, thc other being (he unreliabilily
ol-clelivcry. lhe last l2km of rold 1o

the villase are in vcly bad shlpc and
p|oblcms, with bolh the truck rnd rhc
rolrLl. lirnit the volume oi w atcr' thal carr

be supplied. 'Ihe wrter problcrlrs of
Chungungo a|e tlpicai 01 many olher
isolltcd villlges in the coastll clcse s

of Chile and Peru.

Collecting fog
,\long thc norther-n scctron ol thc
Chilean coast, the nrountains risc
rxpidly, reiiching altitLrdes of up to
Il00nr \.\'ithin 5kllr of the shorelinc.
Slightly firrther inland is Lrsually fbun.l
a hot dry internediate valley. bctbre
cicvltions rise rapidly to 5000 or
600(h in the Andcs.

The coestal ridge linr: (780m cleva-
lion) lLl El Tofb is iequenlly covered
in tbg. which is ploduced as iow decks
ol rnarinc stratt)cumLllus arc blown
onshore. Jhe cloud Iayers lre thin, 100
to.l(Xlm. and larely produce drizzlc or
rain. They vary i altitude llom per
hups 50i) lo 1200m depencling on the
heighr ol the temperature invcrsion
tllut pcrsisls lhroughoul the year. Since
It)37. El Toio has been the sile of a

lu|ge pilot proicct lo cvaluale tlte
polential ii)r using high clerltion fog
ils ir wirtcr supply ii lhe arid norlh.

F,,! r. \r'npl) I .1, uJ rllr ir
toLrr'hing thc ground. It is cornposecl
ol hLrnclreds of tiny liquid d|oplcts in
cnch cubic cenlirnctte ol lrir. 'l hc
droplets I)picllly rangc lront Ito
l()Bm in diameler. $irh thc larger
l ,'plL t' hcing rull(ite,i rr,'r. cr'li

crenllv by narrow fibres or vegetation.l
,\l the El Tolb site. 50 l.lrge lo8
colleclols. each consisting of .lEm) ol
a double Iayer of polypropylene mesh.
\\era coistructed by the Corporaci6n
Nacional Forestal in late 1987 \\iIh
lunding horn the Intemational Dcvcl-
opnlent Rcsearch Centre (IDRC, Ot-
la\\r). They are constructed of treated
cucalyptus posls mounted in ccment
ancl supported by galvanized-steel
$ ires. The ultraviolet protected
neshes (to cnsure a long iife when
e\poscd to sunshine) arc suspended
on galvanizcd-steel wires that are
coatcd id plaslic. Thc lbg water beads
up on the mc\hes and then drips into
polyvinyl chloride (PVC) or fibreglass
troughs. I1 is then moved through PVC
pipes to a 25 000 litre reservoir and to
a lhr trcc plantation.

The avcra{e wuter productjon fronl
'c I I Tuto (ull(\'t,,r:r h:r' bcc r ,rf .

prcximatcly l litres per square melre
ol collccting surlhce pcr day froni
\ovembcr 1987 th|ough to Febnrary
1991. This is an average production
'l -100 lrlr.' per dJ) froll the rrra).

2
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'lhe ridge ut El foJo, ('hile, shot inq sonte tl the fdt,- 18nt2 tollecktrs that huye
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and lhis occurred during thrcc drought
years when Precipitation averaged I0.
50, and l0r'Dm as opposed to thc
nonnal of 70mn. Production rales viuy
r.ilh c"lJrrion.. lr'orrt o 

"rt .li;t .l r).
to e nraximurn of about 85 000 lilrcs
pcr day. There is a seasonal nlinirrurlt
In lhc u ir l. r ,lurrr Jul . Tlrt I'r''lu.-
lion hrs beeIl sufficienl to ju\tily the

construction of a pipeline to tlre village
.l ( hun'r.nr^. b.5lm i$d). t he nifr
line u as conpletcd in March 1992 and

is taking water to a 100 000-lilrc
rescrvoir', fundcd by the Canadian
Embassy in Srntiago. and then inlo lhe
homes in thc village. With {he current
array size, each of the 310 villlgcrs
should rcceive aboul 22 litrcs ol $aler
per day. A fulther 25 collcctors $ill
be construcled in 1992 to supply
additional uater to the village. Both
the ferrtin and thc pipelinc can acconr

nrod.ltc \e\rr.rl hun.lrc.l n'" c i"llci
tors. and the syslent ntdy bc cxpancled

dcpendillg on the results of lhc cunenl
project.

Watcr ffom thc fog colleclors can

be e\pected to bc of good qutlily. lt
will contain sonc nrarine salls trd soil
dLlst. but little contrrnillation fra)n]

anlhropogcDic sourccs because ol thc
rcmole locatious of nrost ol thc prt)

posed silcs. The ion a d tracc clcnlenl
concenlftltions al the El lofo sile hllvc
bccn slu(lied in dclrilr an(l li)und lo
n,,.t ( h.lcrr .r'r(l \\ H(l .lrir,krrri
waler stlndnrds. A simiLrr sludy in tht
DholrLr Region ol thc Sultnrrilte ol'
Orn:'r' :'l.o lourLl I1,. v.1 1_ r, l_,

conpletely acceptable.'fhese slLrdics

did n01 a{].!rcss the qLrcstion of brcl
crr., \ 'rrr.crrrfrlr. r,\. hLt v "rl' h) l' .

Llnivcrsity o1 Cihilc (unpublishecl) hlts
,\llou ntctcrut theI:-17ttlositcrtltitlt /rr'&(i|i?r( lltttcptt secttttLl ttl lrt.quattr
lt dtt tltr t 0llrt trtt.:.

L

The 100 000 lit) e fog, \\tlct stot og,c lanl ttedt lhe |illdgc d Chungungo o11 Ihc t1(,ll1.t .ao\l ol Chilc'
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Table 1. Countries with arid regions where tog collection by artiticial
colleclors or vegetation has been documented.

Region Latilude range Altitude ranqe (m)Counlry

animals could sirnply pass

the collectors. The cloirrl
rn cssentiallv unlinliled

waler to the mountain sites. so in
principle the amount of water that can
be collccled is limitcd only by thc
nrrmber ol colleators lh:rt one chooses
to instirll. It is inportant to rcalize
though, thdt no nralter how mLlch water
one might collect, lhe amount will be

very snlall compared to the total waler
in tlre fogs, and thcre shoujd be no
dctrimental environrnentrl irrpacts be
cause of the colleclion and manage
rneni of some of the watcr.

Cerro Orara, Peru
In 1990 the Canadian Inter ational
Development Agency (ClDA, Ottawa)
was approachcd for tunding to canJ
olrl an assessment project near Lima.
With the assislance ol the Canadian
Embassy and the Setvicio Nacional de

N{elerologia e Hidrologia, a site at an

alliludc of,l30m was selectcd just
north of the city using previously
established crileria. It was 3.5k!r1 from
the co:ist and above a luthlo .jo\,e
(s.luatter settlement) ol 6000 pcoplc.
'fhe water r.rsage of the people of Los
Rosales wtts not mcasured. but since
the cntirc supply was from onc illegal
connection to a nearbv pipeline, it is
unlikely lhirt il exceede.l l0 litrcs/
person/day. Fog and drizzlc wcle
lirquent at the sitc during June and
July. rvhile the site and the inslrumen-
tatiol were bei g prcpa.ed. Field
measLlrcmcnts usilrg a scl of standiud
lrnl colleclors bcgan in July and
continued well inlo Decenlber when
the tbg, though less liequent, was still
prcscnt. A continuously recording me

South Ane ca
Chile
Peru

Nadh Ameica
Honduras
I\rexico
USA
USA
Eurcpe
Gibrallar
Yugoslavia

Angola
Angola
Ascension ls.
Cape Verde ls.
Kenya
Nam bia
South Airica
Spain
Sudan
Middle East
lsrael
Jordan
Oman
Saudi Arabia
Yemen
Asia
lndia
Austelia
Auslrala

Northern coast
Central and
southern coast

Tegucigalpa
Sierra Madre Or.
Calilornla
Hawail

Mount Velebit

Northern interlor
Southern coast
Green Mountain
lsla Brava
N,4arsablt
Gobabeb
Table Mounta n
Canary lslands
Erkwit

Menara
Kelar Etsyon
Dholar Jebel
Hejaz Mountains
Al Mahwit Province

Cheerapunjl

Mount Wel inqlon

23"S 30'S
i 1's 16"s

14'N
19'N
34'N.40"N
21"N

36'N
44''N

6'S
13"S
8'S

15'N
2'N-4'N

23'S

28"N

31"N-33"N
32"N
17"N
20"N
15"N

25'.N

43"S

500 800
3s0 700

2000
15 2400
50,1200

225-3440

300
1600

50 900
1600 2000
850
980
200 1700

10 400
750 1050
600 2350

1 150

600 900
600
100 1000

1200
1500

1300

12tO

Adapted lrom SchernenaLrer irnd Cereceda2 where references can be lound.

shown the absencc of faccai coliforls.
as would be expectcd. Other bacte|ia
u ill bc elrmin.rteJ h1 tlr. .rrr.rll , hlnr-
ination plant thrt is rcquired by law lbr
donrcstic water supplies in (lhile.

Fog collection sites
A rc'itrr h:r. bccn rr '1. ''l ,'hrLr.
vations over lhe last cenlLlly ol the
collcction of fog by vegetalion rnd
small collectorsl in semi arid and arid
iands. The results are summarized in
Table l.

In,17 locations in 22 countrics on six
continenls there are indications that firg
a\ a \\rlcr reiour(e \hould hc inv(\li
gated. In some of thcse locations, such
as Califomia. the wealth e).ists to solvc
water shortages in morc conventional
ua1.. But rn oth(r lo..rli"n\. plll;(
ul;rrl1, in developing countr-ics such as

thc Cape Verde Islands, Narnibia.
Ycmcn.:nrl Peru. foe cullc.tion dc.
scrvcs to be considerecl. Care must bc
laken in choosing a productive site blrt
thc collcctor\ lhemccl\(\ i,r\' .imfle.
require no energy, and dcliver their
water by gravity flow. Generally the
area of the collector array would bc
fenced off but, ii necessaly, glazing

l2

undemeath
decks bring
amolrnt of

W ffi

Snldll fog colle(tot s built to a statdord ti:e measuring the fog co[lection rates
at thc tite in Cerra Orarc, Petu.
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tc, 'rol.r.'i, al \lJt.on op..rJr,J lLr,ru-lr
oul thc peri()d. The results shoued that
.tl rhi. \ll( i,.'ll(!'l ^tr-.rlc ^l '{ ' Lltc,/
Inl/dly could be expected for ar lcast
seven monlhs ofthe \ear. On an annual
basis, rhc site nla) havc a srcirlcr
productivity than thc Fll Tofb site in
Chilc. This rcsults in plrt lrcm highcr'
qrrrd rlccd. anLl jtr l.lt1 lrom thu
drizzle which falls irom lhe thickcr
cloud dccks.

Dhofar, Oman
A major fog collection experimenl \\'as
undertaken in the Sullanare ol On]an
i,, lg8q and lqqo. h,r,cJ or1 lhc \' ork
in Chile. The project uas funded
inrtralll h; thc lnr'.d Nal:,'r. lic\rl
opnrent Programmc. the World
Meteorological Organization. and the
L;n!enrnrrnl ol Onr.rn rl--..-ah ll,c
Planning Co$mittce for Development
and Environment in the Southenr
Region (PCDESR). In thc sccond 1'ear
worl r,ras canred oLl unJ.r ll Jr.
picc.i ol ICDLSR. Drrirrg thr ..'rrth
we\tem mon\oon {lrd p,l. th( n oLn
tains (/ere1) of Dhofar are covered in
a thick dcck of fog with frequent
drizzle.'lhe maximunl duration of thc
l,horref i: lrorn mid JLne to mid
Septembcr. and rr r. ollen some \ ecl\
shorter. Data were collected with botlr
slandard lm2, as well as ntuch larger
collectors. In the uppeI elevations,
from 900 to l000nt, average collectjon

ratcs of 30 litrcs/mr/day \\cre obtained
tor' a th|cc month pcriocl. Bccausc of
tl,, c\",.i. 1,1r1 ptrrn,l L-r r.,n.,'l
lcction scasons. and bcclu,,c ol thr
dhcr options availuble in Dhoflr
.1",.ch. lr.. J ,:rlirr. ton ., nr \lt.
.c(l.r c\rllr.rti,rrr r. ptc-r'rl \ u ,lLr
$,ay 1() delernrille if fbg $ alr r collcctor
arreys should be included in lhc ncxt
five year plan li)r thc regior. if they
a r. lhi mn.r lilc I .rpplr.:'ri. rr u rll b.
the refbreslation of the lry'rc1

Discussion
High elevatron fogs arc i.tpo(ant for
man) reasons. In central Europe and
ir rr'.r, rn N, rth {r .crr.a i.re:l .or-
c(d moLntJia. h.rre rrlc. crr.r'Ll corr
siderable darrage. and this is at ieast
in part because of the dcpositiol] of fog
*,atc'r containing high concentrations
of f,,llutdr,l. [.rtcrr.irc .tL,dic, h.rr,
mcasured fog freqLrencies. the alnounl
of water collected by the forests, and
lhc chemrc,rl .onrp, \rl,on nI the $rtcr

In the humid tropics, clold forests
owe their exislence to lhe input (}f
u:rter fror'r both prc, ipit.rtr 'n.rnd fog.
But fcw quantitative measurements
exist of the amounl ol \\ater these
l.rr<.t, colle. t from the fng l i,.lcar.
however, thaf dcforestation on tropjcal
mountains will lead to reduced vr'ater

inputs, which will result in less water
in acquifcrs and the slrcanrs which

lhcsc l{'rluilirs lced. This. couplcd
n,ilh lhe cxrsion that detorcrtltiorr
Scncrat.:s. nray rcsult in both sea\onal
nri.li{)'and sclni arid hichland\

ln the prcscnt instance il is lhe
polcnliirl rnplication of wateI pnxluccd
by a iliciel collectors in arid lands
thel jr so lascinating. Thc smrll scalc
.'pfl,\ rtr',r ' dr.cu.,ed here n r) ulti
matcly lead to fbg collection sjtcs
being establishccl in many countrics
wbcrc there arc demands for safc and
relrable water supplies. The pressures
l'r rrr.r.a.r.l uater suppll d\ a t.'\ull
el rrt. ea..,l rl-rrrand Inrl lhe LUnL.!lt
ination ol traditional sources rneans
lhat non-convcntional water supplics
such as this must be explored. a
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